INTRODUCTION
Carrot (Daucus carota L.) is among the top-ten most economically important vegetable crops in the world, in terms of both area of production and market value (Prohens and Nuez, 2008) . Carrot is a good source of natural antioxidants, especially carotenoids and phenolic compounds (Chantaro et al., 2008) . The presence of phenolic compounds in carrots contributes to their sensory qualities, like colour, bitterness, and aroma. Therefore, phenolic compound concentration can be used as a good indicator to evaluate vegetable quality during processing and storage (Goncalves et al., 2010) . Phenolics are iniquitous secondary metabolites in plant. They comprise a large group of biologically active ingredients -from simple phenol molecules to polymeric structures with molecular mass above 30000 Ds. On the basis of the number of phenol subunits, the modern classification forms two basic groups of phenolicssimple phenols and polyphenols. The group of simple phenols contains also the so-called "phenolic acids" or phenols with a carboxyl group determining their specific function (Marinova et al., 2005) . The common feature of plant phenolic compounds is the presence of a hydroxy-substituted benzene ring within their structure. They may be classified into different groups as a function of the number of phenol rings contained and the structural elements that bind these rings to one another. Distinctions are thus made between the flavonoids, phenolic acids, stilbenes, and lignans. These compounds occur primarily in conjugated form, with one or more sugar residues linked to hydroxyl groups, although direct linkages of the sugar unit to an aromatic carbon atom also exist. Associations with other compounds, such as organic acids, amines and lipids, and linkages with other phenols are also common (Vladimir-Kneþeviã et al., 2012) . Major phenols in carrots include chlorogenic, caffeic, and p-hydroxybenzoic acids along with numerous cinnamic acid derivatives. Different carrot tissues have similar composition, but their phenolic concentration differs, decreasing from the exterior (peel) to the interior (xylem). Moreover, the reported concentration may vary with the extraction method, the way to expressing the results, and other factors such as cultivars, post-harvest and processing conditions (Goncalves et al., 2010) . Recently, Alasalvar et al. (2002) reported that orange, purple, yellow and white carrot varieties contain mainly hydroxycinnamic acid derivatives 3¢-Caffeoylquinic acid (neochlorogenic acid), 5¢-Caffeoylquinic acid (chlorogenic acid), 3¢-, 4¢-and 5¢-Feruoylquinic acids, 3¢-and 5¢-p-Coumaroylquinic acids, 3¢,4¢-and 3¢,5¢-Dicaffeoylquinic acids 3¢,4¢-and 3¢,5¢-Diferuoylquinic acids (Alasalvar et al., 2002) . Cell wall material also contains small amounts of vanillic, p-coumaric, trans-and cis-ferulic acids as well as phydroxybenzaldehyde and PROCEEDINGS OF THE LATVIAN ACADEMY OF SCIENCES. Section B, Vol. 71 (2017) vanillin (Shahidi and Naczk, 2004) . Plant phenolics exhibit a range of biological activities in vitro, which supports their contribution to the beneficial effects of fruit-and vegetable-rich diets. Indeed, there is reasonable evidence from epidemiological studies to support the notion that diets rich with phenolics (derived from fruits and vegetables) are associated with lower risks of cancer, osteoporosis, cardiovascular diseases, cataracts, and diseases associated with brain and immune dysfunction (Watson, 2000; Goncalves et al., 2010) . Polyphenols bound in the food indigestible fraction can account for a substantial part of total phenolic compounds in foods. While a minor part of dietary polyphenols can be absorbed in the small intestine, most dietary polyphenols are not bioavailable in the human upper intestine and may exert biological activity through the intestinal tract (Hervert-Hernández et al., 2011) . Furthermore, phenolic compounds, which constitute the active substances found in commonly used medicinal plant extracts, modulate the activity of a wide range of enzymes and cell receptors. Various dietary phenolics such as caffeic acid, silibinin, curcumin, and various flavonoids may also be important in anti-inflammatory actions (Daayf and Lattanzio, 2008) . There is considerable current interest in plant phenolics and their potential to beneficially affect human health (Daayf and Lattanzio, 2008) .
The aim of the study was to evaluate changes in polyphenol compound concentrations in hybrids of Nante carrots changes during storage.
MATERIALS AND METHODS
Experiments were carried out in the Department of Food Technology at the Latvia University of Agriculture. The research was conducted on carrots (Daucus carota L.) grown and harvested in Latvia in the Zemgale region. Fresh Nante type 'Forto' variety carrots and carrot hybrids 'Bolero' F1, 'Champion' F1, and 'Maestro' F1 were analysed immediately after harvesting; carrots were stored for six months in air (+3 ± 1 o C, RH = 89 ± 1%) and their concentration of polyphenols was determined every two months.
Phenolic compounds. The analysis of polyphenols was performed with a Shimadzu HPLC system LC-20 Prominence including Photo-diode Array detector SPD-M20A, Solvent Delivery Unit LC-20AD, Column Oven CTO-20A, Autosampler SIL-20A, System Controller CBM-20A and data system LCsolution software.
The calibration solution was prepared in a 100 mL volumetric flask with narrow neck by adding 6.8 ± 0.1 mg gallic acid, 12.0 ± 0.1 mg catechin, 13.1±0.1 mg chlorogenic acid, 13.8 ± 0.1 mg caffeic acid, 16.0 ± 0.1 mg epicatechin, 9.8 ± 0.1 mg vanillin, 9.2 ± 0.1 mg ferulic acid, 6.1 ± 0.1 mg rutin, and filling with HPLC grade CHROMASOLV® methanol till mark and mixing.
Chromatography. An analytical column PerkinElmer C18 of dimensions 4.6 mm × 250 mm, 5 mm and temperature +30°C was used for separation of polyphenols at wavelength 278 nm. Injection volume of a sample was 100 µL. The mobile phase consisted of A (deionised water), B (HPLC grade CHROMASOLV ® methanol) and C (Acetic acid solution for HPLC) in the gradient conditions. Start flow rate was 1.0 mL min -1 (Priecina et al., 2015) .
Statistical analysis. Data were expressed as mean ± standard deviation; for mathematical data processing the value of p < 0.05 was regarded as statistically significant. One-way analysis of variance (ANOVA) was used to determine the significance of differences. In case of significant differences, homogeneous groups were determined by the Tukey's multiple comparison test at the level of confidence a = 0.05. The statistical analyses were performed using Microsoft Excel 2010.
RESULTS
Higher polyphenol compound concentration was found in 'Forto' variety carrots, indicating high nutritional value of the variety and positive affect on human health. The lowest polyphenol compound concentration was found in hybrid 'Maestro' F1 (Fig. 1) . The polyphenol compound concentration of Nante carrots differed after six months of storage depending on variety and hybrid (p = 0.004; a = 0.05).
There was a significant increase of polyphenol concentration in carrots during six month storage: catechin concentration by 30.45%, epicatechin by 85.22%, gallic acid by 48.54%, and ferulic acid by 87.87%. Storing carrots in air for more than two months resulted in transfomation of polyphenols, which can be explained by decrease in concentration of one polyphenol compound content an increases of another.
Concentration of vanillin, chlorogenic acid, rutin, and caffeic acid decreased during the storage period in Nante varieties and hybrids (p = 0.02; a = 0.05). After six months of carrot storage, the caffeic acid concentration decreased by 64.64%, chlorogenic acid by 37.95%, and vanillin by 81.49%. Rutin concentration after six months of storage in hybrid 'Bolero' F1 carrots decreased by 70.83%, while in the other carrots varieties rutin was not identified (Fig. 2) .
DISCUSSION
In carrots polyphenol compound impart sensory properties such as colour, bitterness, flavour, and rheological properties. Polyphenol compounds increase the nutritional value of carrots and ensure their antioxidant properties (Balasundram et al., 2006; Goncalves et al., 2010; O'Shea et al., 2013) . The increase of polyphenol concentration differs depending on properties of carrot varieties and genotypes (Lamikanra, 2002; Alasalvar et al., 2005; Smoleñ and Sady, 2009) . Polyphenol compounds easily oxidise during storage in oxygen (Manach et al., 2004) . Oxidation results in a decrease of the amount of polyphenols in carrots. Decrease of polyphenol concentration in carrots during storage can be attributed to biodegradation processes stimulated by microorganisms (Fraga, 2009 ).
The study on polyphenol compounds of fresh Nante type variety 'Forto' carrots and several hybrids ('Bolero' F1, 'Champion' F1 and 'Maestro' F1) after harvest and during storage revealed a significant difference in polyphenol concentrations. After six months of storage, the concentration of polyphenol compounds of Nante type carrots decreased -caffeic acid by 64.6%, chlorogenic acid by 37.9%, and vanillin by 81.5%. However, during storage the concentration of some polyphenol increased: catechin by 30.5%, epicatechin by 85.2%, gallic acid by 48.5% and ferulic acid by 87.9%.
POLIFENOLU SAVIENOJUMU IZMAIÒAS UZGLABÂÐANAS LAIKÂ NANTE TIPA BURKÂNOS
Pçtîjuma mçríis bija noteikt un izvçrtçt vçlâs Nante tipa 'Forto' ðíirnes burkânu un burkânu hibrîdu 'Bolero' F1, 'Champion' F1 un 'Maestro' F1 polifenolu savienojumus (gallusskâbi, katehînu, epikatehînu, kafijskâbi, vanilînu, hlorogçnskâbi, epikatehînu, ferulskâbi un rutînu) pçc raþas novâkðanas tradicionâlajos uzglabâðanas apstâkïos. Burkâni tika uzglabâti seðus mçneðus gaisa vidç 3 ± 1 o C temperatûrâ, 89 ± 1% relatîvâ gaisa mitrumâ. Polifenolu savienojumu izmaiòas tika noteiktas, izmantojot augsti efektîvo ðíidruma hromatogrâfu (HPLC SHIMADZU LC-20AD Prominence, Japâna). Polifenolu savienojumu saturs Nante tipa ðíirnes un to hibrîdu burkânos pçc seðu mçneðu uzglabâðanas bûtiski atðíîrâs (p = 0,004; a = 0,05). Pçtîtajos burkânos lîdz sestajam uzglabâðanas mçnesim palielinâjâs katehîna satursvidçji par 30,45%, epikatehîns par 85,22%, gallusskâbe vidçji par 48,54%, ferulskâbe vidçji par 87,87%. Vanilîns, hlorogçnskâbe, rutîns un kafijskâbe Nante tipa ðíirnes un to hibrîdu burkânos uzglabâðanas laikâ bûtiski samazinâjâs (p = 0,02; a = 0,05). Pçc seðiem uzglabâðanas mçneðiem kafijskâbes saturs samazinâjâs par 64,64%, hlorogçnskâbes par 37,95%, vanilîna par 81,49%. Savukârt rutîna saturs pçc seðu mçneðu uzglabâðanas hibrîda 'Bolero' F1 burkânos samazinâjâs par 70,83%, bet pârçjos analizçtajos burkânos to identificçt neizdevâs. Pçtîjumâ iegûtie rezultâti sniedz pârskatu par Latvijâ audzçtu burkânu polifenolu savienojumu sastâvu un to izmaiòâm uzglabâðanas laikâ, tâdçjâdi norâdot uz burkânu augsto uzturvçrtîbu.
